Background: Many patients need readmission to intensive care unit (recidivism) which make ICU moderation burdensome. Readmitted patients mostly carry poor prognosis compared to newly admitted ones, in addition to the bad psychological impact for both patient and his family.
Introduction
How big is this problem, what are the reasons for ICU readmission, and what can we do to prevent Intensive care unit (ICU) readmission and improve this relatively common under addressed problem. The foremost question is: Why were patients readmitted to the ICU? It is likely that some ICU readmissions are not preventable because it is fully expected that some patients will be readmitted. Furthermore, some patients and families have unrealistic expectations and create pressure for an ultimately fruitless futile ICU readmission, thereby increasing incidence and mortality of ICU readmissions [1] .
What of potentially preventable ICU readmissions? Was there a difference in reasons for index ICU admission versus readmission? This helps us understand whether primary problems were resolved and a new problem arose, or whether the primary problem was incompletely resolved or recurred. Brown and coworkers found [1] that about 40% of readmitted patients were readmitted for a similar diagnosis as their index admission, which is worrisome, intriguing, and could be correctible. When patients were discharged, was there inadequate resolution of the primary problem or underestimation of the risk of deterioration outside ICU? [2] .
Criteria for ICU admission, discharge, and readmission likely vary dramatically from ICU to ICU and from country to country. The study of Brown and colleagues focused on U.S. ICUs, so we do not know whether it applies well to other countries. Should there be clear(er) criteria regarding resolution of the primary ICU diagnosis that must be met before ICU discharge? We use sepsis and ventilator checklists to improve ICU care. Should there be checklists for ICU discharge to decrease the risk of ICU readmission [3] ?
Clinical characteristics at the index ICU admission mark patients at increased risk of ICU readmission. Readmitted patients had higher Mortality Prediction Model III (MPM-III) scores, [4] increased vasopressor use, and were more likely ventilated than patients who were never readmitted. Furthermore, patients with comorbid conditions (chronic cardiovascular disease, chronic respiratory disease, and baseline serum creatinine, 2 mg/dl) were more likely to be readmitted. It appears that ICU readmission of such sicker patients with more comorbidities may have been due to inadequate resolution of the primary problem and increased risk of a new problem (e.g., nosocomial or aspiration pneumonia, myocardial infarction, pulmonary thromboembolism) [5] .
Evening and night ICU discharges have higher risk for ICU readmission so closer attention must be paid to these patients [6] . An Australian study of 250,000 ICU admissions emphasized that ICU discharges between 6:00 pm and 6:00 am are at increased risk of ICU readmission, which Brown and colleagues validated. Perhaps such patients may be discharged to create room in an ICU, suggesting that they are less ''ready'' for ICU discharge [3, 10] . Differences in ICU night staffing, discharge protocols, or handoff quality could also explain these findings [7] .
Patients readmitted to ICU have dramatically increased mortality rates compared with never-readmitted patients. Comparing never-readmitted patients with those readmitted within 48 h, 3.7% versus 20.7% died, 64.4% versus 36.6% were discharged home, and median hospital length of stay was 8 versus 15 days, respectively (p < 0.001) [5] . In Australia ICU readmitted patients had nearly identical mortality rates of 21% (ICU readmitted) compared with 4.4% (not ICU readmitted). This fivefold increase in mortality rate shows that the ICU readmitted patient has clearly ''taken a turn for the worse'' [1] .
Indeed, many have suggested that ICU readmissions are a measure of ICU and hospital quality of care therefore, we suggest that it is timely for critical care groups (societies) to address proactive issues such as monitoring of the incidence and outcomes of ICU readmission, ICU discharge processes and perhaps ICU discharge bundles, enhanced ward clinician coverage of patients at increased risk of ICU readmission [8] .
Intensive care unit readmissions are associated with mortality, cost, and length of stay [9] . They may also capture a component of hospital efficiency through optimal patient flow management [10] and have been proposed as an appropriate measure of the quality of ICU care. However, little is known regarding the epidemiology of ICU readmissions in the United States: how commonly they occur, when, and where they occur, or whether rates have changed over time. Past experiences in ICU are few in number [11] .
Using heterogeneous definitions of ICU readmission have estimated rates from 4.6% to 13.4%, and a recent larger study in Australia examined patient risk factors for ICU readmission [6] . Thus, although ICU readmission rate is a promising measure for assessing patient triage decisions and ICU performance, its use as a quality metric depends on a better understanding of their incidence and the hospital-level factors associated with their occurrence [12] .
Readmission to the intensive care unit during the same hospital stay has been associated with a greater risk of in-hospital mortality and has been suggested as a marker of quality of care [13] . About one in 10 patients surviving an episode of intensive care will be readmitted to the ICU during the same hospitalization [14] .
It is not clear whether the decision to discharge patients from the ICU or the level of care given to these patients in the general wards, or a combination of both, results in readmission to the ICU. Therefore, the ability to identify patients at high risk of readmission to the ICU during the same hospitalization could allow objective decisions to be made by clinicians regarding the timing of discharge from intensive care, the level of care required by patients in the ward and the need for follow-up by ICU staff. To date, there is a lack of published research on developing clinical prediction tools to individualize the risk of readmission to the ICU during the same hospital stay [15] .
As efforts to reduce ICU utilization and length of stay become more common, it is increasingly important to identify patients at high risk of returning to the ICU. Such patients may require longer, initial courses of high-intensity care in the ICU, or discharge to an intermediate care unit rather than to a general nursing unit. Patients readmitted to an ICU during the same hospitalization may also not respond to critical care in an ICU. Finally, there is a rising concern that patients are being discharged ''quicker and sicker''. Hofer and Hayward [16] have led some payers and researchers to propose using readmission rates as quality indexes [17] . Yet, for many of these chronically ill patients, an ICU readmission may be less related to poor quality of care or premature discharge, and more likely a function of their failure to respond to treatment. On the other hand, a readmission rate that is significantly lower than might be expected may represent a systematic failure to discharge ICU patients in a timely fashion, resulting in prolonged ICU stays. These considerations led us to review the literature on unexpected ICU readmission, focusing on the causes, risk factors, and mortality rates [18] .
Several patient variables remained associated with increased odds ICU readmission in multivariable analysis including severity of illness, functional status, admission from a general care floor, duration of mechanical ventilation, chronic respiratory or renal disease, chronic immuno-suppression, and solid organ tumor. Length of ICU stay was no longer associated with 48-h readmission, but was with 120-h readmission. Patients admitted to ICUs with critical care fellows had higher readmission odds; hospitals with more beds had lower readmission odds. Compared with patients discharged from the ICU in the morning, those discharged in the afternoon or at night were more commonly readmitted. There was no association between ICU occupancy at discharge and readmission odds. ICU readmission odds did not change from 2001 to 2007 [12] .
Patients and methods
After exclusion of patients with missed data, 1562 pulmonary critical care unit (PCCU) patients at the Mansoura University Hospital from August 2009 till the end of December 2013 were enrolled in this retrospective study and were subjected to: demographic data (age and sex), body mass index, admission severity scoring using acute physiology and chronic health evaluation (APACHE II), type of respiratory failure either hypercapnic respiratory failure type II represented by; COPD, obstructive sleep apnea, and neuromuscular disorders or non hypercapenic respiratory failure type I represented by: pneumonia, acute respiratory distress syndrome, alveolar hemorrhage syndrome and interstitial pulmonary fibrosis, presence of co morbidity for one or more system, need for pressors, presence of admission acute kidney injury (AKI) in which there was increased creatinine in the presence of normal renal ultrasound this AKI either recovered or non recovered based on re normalization of serum creatinine, duration of mechanical ventilation, protocolized versus non protocolized weaning, time of discharge, and discharge pulse oxymetry reading: Readmission is considered early if it occurs within 72 h and late after 72 h in the same hospital stay. Sundays, Tuesdays and Thursdays are regarded as hot days by the Mansoura Emergency Hospital which is the commonest port for admission to pulmonary critical care unit.
Statistical methods
Data were analyzed using SPSS (Statistical Package for Social Sciences) version 15. Qualitative data were presented as number and percent. Comparison between groups was done by Chi-Square test. Quantitative data were presented as mean ± SD. Student's t-test was used to compare between two groups. p < 0.05 was considered to be statistically significant.
Results
In readmitted patients, 69.9% were above 50 years compared to 54.7% in the non readmitted group, it was statistically significantly higher, p < 0.001. There was no statistically significant difference as regards gender in both groups, males accounted for 61.3% in the readmitted group compared to 59.1% in the non readmitted group while females accounted for 38.7% compared to 40.9%, p 0.48 ( Fig. 1 , Tables 1 and 2 ).
An admission severity score using APACHE II was statistically significantly higher in readmitted (33 ± 8) compared to (29 ± 6) non readmitted patients, the p value was <0.001. 70.4% of readmitted patients had body mass index above 35 compared to 48.5% of non readmitted patients, only 4.1% of readmitted compared to 24.3% of non readmitted patients had BMI between 25 and 30, p < 0.001. While in patients with BMI 25-30, 4.1% were readmitted 24.3% were non readmitted which was statistically significantly lower.
The incidence of ventilated patients was statistically significantly higher in readmitted (72.9% vs. 52.7%) than in non readmitted patients the p value was <0.001 and the duration of mechanical ventilation was statistically significantly longer in readmitted than in non readmitted patients (17 ± 7 days vs. 9 ± 4 days) Also the total duration of ICU stay was Figure 1 Total patient number was 1562, of which 69 patients were transferred to other ICUs. From the remaining 1493 patients, 327 died within the first 24 h of ICU admission and 1166 survived, 395 (33.88%) patients need readmission and 771 (66.12%) were non readmission. The early readmission was present in 82.9% compared to 17.1% late admission. statistically significantly longer in readmitted than in non readmitted patients (18 ± 5 days vs. 12 ± 3 days) p < 0.001. Discharging patients on hot days had a statistically significantly higher chance of readmission: 82.1% vs 42.3% of non readmitted were discharged on hot days, p 0.001. As regards time of discharge, 72.4% of patients discharged between 8 pm and 8 am were readmitted being statistically significantly higher than 27.6% of patients discharged between 8am and 8 pm. p value was <0.001.
Of patients who had no acute kidney injury only 12.4% needed readmission and 34.4% of recovered AKI patients were readmitted, while the incidence of readmission in non recovered AKI patients was 53.2% with statistically significant p value <0.001.
Of those who needed pressors, 87.6% of patients were readmitted to ICU which was statistically significantly higher than 12.4% who needed readmission without the need for pressors. While in non readmitted patients those who used pressors was statistically significantly lower than patients did not use it (36.3% vs. 63.7%).
There was no statistically significant difference in the incidence of readmission in those who underwent protocolized versus non protocolized weaning in both groups p 0.5.
Readmitted patients had a statistically significantly higher need for tracheostomy (67.8%) than non readmitted patients (11.3%), p < 0.001.
There was statistically significantly lower discharging oxygen saturation by oximetry in the readmitted group (92.7%) than in the non readmitted group (96.2%), p < 0.001. The duration of ICU stay was statistically significantly longer in readmitted (18 ± 5 days) than in the non readmitted group (12 ± 3 days) p 0.001. Type II respiratory failure was statistically significantly higher in readmitted than non readmitted patients (66.8% vs. 30.4%; <0.001). The incidence of readmission was statistically significantly higher in patients with tracheostomy 67.8% than in 32.2% of patients with non tracheostomy. Only 11.3% patients in the non readmitted group had tracheostomy which was statistically significantly lower than 88.7% patients who had no tracheostomy p < 0.001.
Readmission was statistically significantly higher (57.5%) in those who had one or more systems affected than (42.5%) in patients with one or no system affection, the p value was <0.001 In readmitted patients 49.37% died compared to only 17.1% of patients who needed no readmission so the mortality was statistically significantly higher in readmitted patients; p < 0.005 (Figs. 2-5 ). Figure 3 Body mass index and AKI in readmitted versus non readmitted patients.
Discussion
Despite numerous studies being performed over the last 20 years, there is still no clear understanding or agreement about why readmissions occur. Further research needs to be done to find out more about the nature of ICU readmissions so that they can be prevented or their occurrence be minimized, which motivated us to go through this tunnel aiming to reach the predictors that may portend the need for readmission.
In the present study, 33.88% were readmitted to ICU, compared to 13.4%, in a recent larger study in Australia that examined patient risk factors for ICU readmission [6] . The difference in the incidence of readmission may be attributed to the use of heterogeneous definitions of ICU readmission and number of ICU beds. We have only 6 beds. Besides patients leaving the ICU are often transferred to day care centers by resident physicians who work in nursing shifts. Perhaps the lack of continuity of care and intimate monitoring of shift workers increase the risk of ICU readmission. So improving transfer processes from ICU to shift-working hospitalists and resident physicians could also improve outcomes. We suspect that ICU recidivism will increase as the pressure on hospital care increases because of an aging population, increasingly complex immuno-suppression and absence of regulation in emergency care. Why were patients readmitted to the ICU?
It is likely that some ICU readmissions are not preventable because it is fully expected that some patients will be readmitted. Furthermore, some patients and families have unrealistic expectations and create pressure for an ultimately fruitless futile ICU readmission, thereby increasing incidence and mortality of ICU readmissions [18] .
The mortality was statistically significantly higher in readmitted compared to non readmitted patients (49.37% vs. 17.1%); p 0.001 which matched to an extent with James and Russell [18] who reported that, of the greatest concern is that, patients readmitted to ICU have mortality and morbidity rates up to six times higher than those not readmitted [19] and with the result of Snow et al. [21] who found mortality rates of 26-58% in readmitted patients. Also James [18] informed in his study, patients readmitted to ICU have dramatically increased mortality rates compared with never-readmitted patients. Comparing never-readmitted patients with those readmitted within 48 h, 3.7% versus 20.7% died, and this lower mortality rate compared to our results mostly may be explained as we recorded mortality in readmitted within 72 h compared for his study in only 48 h.
An admission severity score using APACHE II was statistically significantly higher in readmitted (33 ± 8) compared to (29 ± 6) non readmitted patients. Chen et al. [1] found that higher severity of illness measures at first ICU discharge readmitted patients appears to be sicker as measured by higher acute physiology score (APS) and consequently has a higher risk of death. The higher severity scores at ICU discharge may also indicate that readmitted patients respond less adequately to ICU treatment, which results in their subsequent readmission and/or death. We think that the severity either admission scoring as we did or discharge as Chen et al. [1] did had the same value and the difference between APACH II and APS is not so far. Presence of higher APACHE II in readmitted patients may explain their increased mortality.
In the present study, 82.1% of discharging patients on hot days i.e. emergency hospital working days, had a statistically significant chance of readmission compared to only 42.3% in non working days, the p value was, 0.001; Also 72.4% of patients discharging between 8 pm and 8 am were readmitted compared to only 27.6% patients discharging between 8 am and 8 pm. The p value was <0.001 which was matched by Renton et al. [6] who stated that, an afternoon and evening discharge were important risk factors for ICU readmission in multivariable analyses. And may be because such patients may be more likely discharged to create room for other patients, suggesting that they are less ''ready'' for initial ICU discharge which rises concern that patients are being discharged ''quicker and sicker. Alternatively, differences in ICU night staffing, discharge protocols, or handoff quality may account for these findings. Although no association was found between ICU occupancy at patient discharge and ICU readmission in this analysis, the idea that ''early'' discharge because of ICU capacity strain could lead to adverse patient outcomes deserves further exploration [7] .
In this study, readmission was statistically significantly higher (57.5%) in those who had one or more system affected than (42.5%) in patients with one or none system affection as patients with co morbid conditions (chronic cardiovascular disease, chronic respiratory disease, and baseline serum creatinine, 2 mg/dl) were more likely to be readmitted. It appears that ICU readmission of such sicker patients with more co morbidities may have been due to inadequate resolution of the primary problem and increased risk of a new problem (e.g. nosocomial or aspiration pneumonia, myocardial infarction, pulmonary thromboembolism) [5] . Also these results were in agreement with a study of Cooper et al. [19] who identified the presence of severe co-morbid conditions as a risk factor for readmission to ICU. In patients who had no acute kidney injury only 12.4% needed readmission and 34.4% of recovered AKI patients were readmitted , while the incidence of readmission in non recovered AKI was 53.2%, the higher incidence of readmission in late patients was mostly due to their need for acute renal replacement which took more hospital stay and consequently more chance of readmission for possible complications associated with that event. Type II respiratory failure was statistically significantly higher in readmitted than non readmitted (66.8% vs. 30.4%) so readmission was higher in patients with type II respiratory failure as COPD and overlap syndrome who mostly has prolonged hospital stay, the total duration of ICU stay was statistically significantly longer in readmitted than non readmitted patients (18 ± 5 days vs. 12 ± 3 days) these results were in accordance more or less with [20] .
In his study the average hospital stay for readmitted patients was at least two-times longer than for patients discharged from the ICU but not readmitted. Besides, those who need tracheostomy, as the incidence of readmission was statistically significantly higher in patients with tracheostomy (67.8%) than with non tracheostomy (32.2%). Only 11.3% patients in the non readmitted group had tracheostomy which was statistically significantly lower than 88.7% patients who had no tracheostomy. Another predictor of readmission was statistically significantly lower discharging oxygen saturation by oxymetry in the readmitted group (92.7%) than in non readmitted group (96.2%) which means that, the presence of relative desaturation may implicate the need for readmission.
The incidence of ventilation was statistically significantly higher in readmitted (72.9% vs. 52.7%) than in non readmitted patients which was much higher than the results of Rosenberg and Watts [14] who found that patients requiring mechanical ventilation were more likely to be readmitted than those not requiring it (1.8% vs. 2.5%; p, 0.001), and the difference could be attributed to the nature of the diseases--in his study medical and surgical and in ours pulmonary critical care unit patients. Not only the need for ventilation but also, the duration of mechanical ventilation was statistically significantly longer in readmitted than non readmitted (17 ± 7 days vs. 9 ± 4 days) patients.
Thus, although ICU readmission rate is a promising measure for assessing patient triage decisions and ICU performance, its use as a quality metric depends on a better understanding of its incidence and the hospital-level factors associated with its occurrence [12] . Age above 50 years, obesity, non recovered AKI, presence of type II respiratory failure, nocturnal and hot day discharge, need for pressors and tracheostomy are considered to be predictors of recidivism to pulmonary critical care unit. So, the recommendation to discharge patient on non cold days between 8am and 8 pm should be considered. We believe that, readmission has non medical aspects regarding the system of admission and discharge, availability of nursing staff and economical background as more beds are required in ICU.
